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proposed by McCarthy who formulated the problem in the first-order 
quantificational calculus. The algebraic approach as been championed by 
Burstall, Landin, and Lockwood Morris. While the use of the algebraic 
method seems to reduce the problem powerfully, the main aim of the paper 
is to show LCF to advantage on a nontrivial example. In the view of the 
second reviewer they succeed; but the first reviewer is not so convinced. 
The second reviewer believes that simplifications and substitutions eem 
more motivated and easier to find by being bound in lambda expressions 
and used by substitution at the proper time. The first reviewer observes 
the size of the expressions printed out in an example given in the appendix 
of the paper for a very simple example and wonders if a more intentional 
approach might not succeed better. 
AKINORI YONEZAWA AND ROGER HALE 
"Some New Directions in Robot Problem Solving" 
R. FIKES, P. HART, AND N. NILSSON 
This article is a discussion of some heuristic problem-solving techniques 
used in the Stanford robot problem-solving system STRIPS, with some 
speculation on how they could be generalized, and comments concerning 
the direction of AI robotics research in general. 
STRIPS operates in a manner similar to that of Newell, Shaw and Simon's 
GPS; it is given a goal statement to achieve, then it deduces a set of dif- 
ferences between the current state of its world and the goal state, and 
attempts to reduce these differences by choosing to perform actions from 
a set of permitted operations. The system constructs a plan by considering 
the prerequisites of each operator, and has the capability to generalize a
plan to use in more than one specific instance. 
In STRIPS, as well as in most other recent robot systems, the robot lives 
in a world constrained by some drastic simplifying assumptions: there is 
only one robot, which is the sole agent of change in the world, and the 
results of the robot's actions are completely determinate. Extensions to the 
STRIPS planning algorithm are discussed which attempt o deal with 
environments in which not all of these conditions hold. Multiple goals 
can be handled with a system of numerical priorities, with constraints 
receiving negative values. Possible outcomes of independently occurring 
processes or robot actions can be assigned probabilities. 
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Information on possible outcomes of the robot's operators is organized 
into "triangle tables," which can be used to divide tasks among several 
cooperating robots by making the goals of one robot the preconditions of 
another's action. 
Some advanced robot problem-solving situations are described: dynamic 
environments, environments incorporating complex actions, and interaction 
with other active agents. The STRIPS system can be extended to deal with 
such situations, but it becomes clear that to build understandable robot 
systems, suitable for use in problem-solving research, a more capable 
formalism is required. 
Both knowledge and goals must be expressible in procedural form. It 
must be made easy to maintain parallel plans at different levels of abstraction, 
and to provide coordination and communication between those plans. It is 
common to take general procedures and apply them to specific situations, 
but future problem-solving systems must be able to reason inductively, 
taking a procedure that worked in a specific situation and generalizing it. 
We have not yet seen a formalism which can meet all of these requirements. 
HENRY LIEBERMAN AND DAVID MOON 
A Larger Context 
In the above discussion the reader will find a number of references to a 
new generation of goal-oriented problem-solving formalisms which have 
grown up in the last 7 yr. These formalisms take it as their explicit goal 
to directly and naturally express the procedures that a problem solver 
needs. Some of these procedures are concerned with high level problem- 
solving processes (e.g., "try working backwards from the goal"), whereas 
others are "know how" associated with a particular domain (e.g., "look 
both ways before crossing astreet"). Planning and the procedural embedding 
of knowledge are two important themes that have emerged as central issues 
in problem solving. A plan is a very general kind of procedure that has at 
least two parts: a trigger which specifies the circumstances under which it 
can (should) be invoked and a body which is executed when the trigger is 
pulled. " I f  p is asserted and (implies p q) is asserted then assert q" and "to 
show that n is a prime it is sufficient o show that no integer less than or 
equal to its square root divides it" are examples of plans. The Thesis of 
Procedural Embedding of Knowledge roughly says that "knowledge is best 
expressed in procedures." More formally we could say "Knowledge is 
intrinsically tightly bound to the specialized procedures for its use." Plans 
